Introduction
============

Epilepsy is one of the common severe chronic psychiatric disorders, currently, there are \~54 million people suffering from epilepsy disease globally ([@b1-etm-0-0-5345]). Now the treatment of epilepsy is mainly through the use of antiepileptic drugs such as phenytoin, ethoxylamine, but clinical statistics show that ([@b2-etm-0-0-5345]), there is no specific treatment for epilepsy drugs, and because of long-term use of antiepileptic drugs, \~40% of patients with epilepsy are resistant to epilepsy drugs ([@b3-etm-0-0-5345]). Epilepsy pathogenesis and the cause of antiepileptic is not clear, which directly lead to the increase of epilepsy mortality year by year. As a neuropathic syndrome ([@b4-etm-0-0-5345]), tuberous sclerosis complex (TSC) is considered to be a genetic disease caused by chromosomal abnormalities, the main mechanism is the abnormalities of TSC1 and TSC2 protein ([@b5-etm-0-0-5345]). Studies have found that TSC1 protein is mainly involved in cell proliferation, division and cell adhesion, and in recent years with the in-depth research on TSC1 gene ([@b6-etm-0-0-5345]), it was observed that TSC1 protein can interact with TSC2 protein, when TSC1 coding abnormality occurs, it will lead to inhibition of cell proliferation processing, causing accelerated cell proliferation ([@b7-etm-0-0-5345]). In addition, by detecting TSC1 gene in patients with epilepsy, skin pigmentation, and vascular fibroma, it was found that the above patients had different degree of TSC1 gene mutation (e.g., locus 129 and locus 174), leading to abnormal protein function ([@b8-etm-0-0-5345]). We investigated the epilepsy patients in Rizhao hospital, explored the genetic polymorphisms of TSC1 in epilepsy and healthy people, in order to improve the diagnostic accuracy of epilepsy disease from the genetic level, and to provide a certain theoretical and experimental basis for early diagnosis and early treatment of epilepsy.

Materials and methods
=====================

The study subjects were the 38 epilepsy patients treated in People\'s Hospital of Rizhao from May 2015 to June 2016, marked as observation group, including 20 males and 18 females, the average age 52.3±8.9 years; 38 healthy people at the same period were selected as the control group, including 20 males and 18 females, with an average age of 51.2±9.5 years. The study was approved by the Ethics Committee of People\'s Hospital of Rizhao and informed consents were signed by the patients and/or guardians.

Inclusion criteria, in the study, the epilepsy patients selected were based on the criteria of diagnosis of epilepsy disease in epilepsy and epilepsy syndrome ([@b9-etm-0-0-5345]).

Exclusion criteria: i) patients with other neurological disorders; ii) patients younger than 10 years of age.

Main reagents: Molecular reagents, Pfu high-fidelity DNA polymerase (Thermo Fisher Scientific, Shanghai, China); dNTP, 6X buffer, RNA extraction kit, reverse transcription kit, PCR product purification kit and fluorescence quantitative PCR kit (Takara, Dalian, China); genomic and protein extraction kits (Axygen, Union City, CA, USA); EcoR72I restriction endonucleases, TSC1 and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) antibodies (NEB Corp., Beijing, China); agarose, GodView (Solarbio Science and Technology Co., Ltd., Suzhou, China); the rest of the chemical reagents were purchased from Sangon Biotechnology Co., Ltd. (Shanghai, China).

Main instruments: Fluorescence quantitative PCR (ABI, Foster City, CA, USA), protein electrophoresis (Beijing Liuyi Biotechnology Co., Ltd., Beijing, China), multifunctional microplate reader (Bio-Rad, Hercules, CA, USA).

### Methods

#### Genome extraction

Five milliliters of the elbow vein blood was taken from the observation group and the control group, centrifuged at 1,000 × g for 5 min, the blood cells were collected. The genome of healthy people and epilepsy patients was extracted according to the instructions of the Axygen genome extraction kit ([@b10-etm-0-0-5345]).

Polymerase chain reaction-restriction fragment length polymorphism (*RFLP*). The TSC1 gene sequence was searched from NCBI website, and primers were designed based on the sequence. The TSC1 gene sequence of healthy people and epilepsy patients was amplified. The primer sequences are shown in [Table I](#tI-etm-0-0-5345){ref-type="table"}.

The obtained PCR product was purified by PCR product purification kit, then ligated with pMD19T simple vector, and the recombinant vector was introduced into *Escherichia coli*, and then the positive clones were screened in the resistant plate (LB + AMP) and sequenced.

#### TSC1 gene polymorphism digestion test

TSC1 polymorphism test, the TSC1 gene was amplified by PCR method using the extracted genome of healthy people and epilepsy patients as template, and then the PCR product was digested by EcorR72I restriction enzyme according to the restriction site predicted by primer (ABI) ([@b11-etm-0-0-5345]).

#### Fluorescence quantitative PCR

RNA extraction. In this study, the blood of the observation group and the control group was taken. RNA was extracted and the extraction quality was determined.

In order to study the difference of TSC1 mRNA expression in different treatment on tissues, fluorescence quantitative PCR was conducted using the cDNA obtained by RNA reverse transcription as template. The primer sequences are shown in [Table II](#tII-etm-0-0-5345){ref-type="table"}.

#### Enzyme-linked immunoreaction

Five milliliters of the elbow vein blood was taken from the observation group and the control group, centrifuged at 1,000 × g for 5 min, the blood cells were collected, the intracellular total protein was extracted by Axygen kit. After the total protein was quantified by Coomassie Brilliant Blue, the TSC1 protein in different samples was quantified by enzyme-linked immunosorbent assay (ELISA) kit.

#### Western blotting

Five milliliters of the elbow vein blood was taken from the observation group and the control group, centrifuged at 1,000 × g for 5 min, the blood cells were collected, the intracellular total protein was extracted by Axygen kit, then sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was conducted (0.2 mg total protein). After the protein was transferred, 5% skim milk powder was added for closing at room temperature for 2 h, then 1:5,000 diluted TSC1 primary antibody was added (Thermo Fisher Scientific), and incubated at room temperature for 2 h, then washed by TBST (3 times, 5 min each), then HRP-labeled secondary antibody was added, incubated at room temperature for 2 h, and then washed by TBST (3 times, each 5 min) (internal reference was processed with reference to TSC1 protein detection method), and color development solution was added for observation ([@b12-etm-0-0-5345]).

#### Statistical analysis

In this study, we analyzed the data by SPSS 19.0 software (SPSS Inc., Chicago, IL, USA). The data were expressed as (mean ± SD), and the difference between the control group and the observation group was analyzed by t-test. P\<0.05 for the difference was considered as statistically significant.

Results
=======

### TSC1 gene amplification and sequencing

The TSC1 gene of the epilepsy patients and the healthy population ([Fig. 1](#f1-etm-0-0-5345){ref-type="fig"}) was obtained by using the genome of the control group and the observation group as template. By sequencing TSC1 of epilepsy patients and healthy population ([Table III](#tIII-etm-0-0-5345){ref-type="table"}), we found that there were three genotypes at locus 142 in healthy population, CC (79.3%), CA (13.9%) and AA (6.8%), there were also three genotypes at locus 142 in epilepsy patients, CC (21.3%), CA (26.4%) and AA (52.3%). There was significant difference between the epilepsy patients and healthy population in terms of the genotype CC and AA (P\<0.05).

### TSC1 polymorphism digestion

By analyzing the sequence of TSC1 gene, it was found that locus 142 was the recognition site for EcoR72I ([Fig. 2](#f2-etm-0-0-5345){ref-type="fig"}). There were 2 bands in epilepsy patients (S1-S2) TSC1 after digested by EcoR72I; there were 3 bands in healthy population (S3-S4) TSC1 gene after digested by EcoR72I.

### TSC1 mRNA expression in the control and observation groups

The total RNA was extracted from patients with epilepsy and healthy people. The difference of TSC1 mRNA expression in different subjects was determined by fluorescence quantitative PCR. The results are shown in [Fig. 3](#f3-etm-0-0-5345){ref-type="fig"}. It can be seen from the figure that there was no significant difference in TSC1 mRNA expression between epilepsy patients and healthy people (P\>0.05).

### TSC1 protein expression in the control and observation groups

The expression of TSC1 protein in epilepsy patients and healthy people was determined by western blot method. The results are shown in [Fig. 4](#f4-etm-0-0-5345){ref-type="fig"}. It can be seen from the figure that there was no significant difference in the protein expression of TSC1 protein between epilepsy and healthy people (P\>0.05), which indicated that polymorphism of locus 142 did not affect TSC1 gene expression.

### ELISA detection of TSC1 protein activity in the control and observation groups

The activity of TSC1 protein in different samples was determined by ELISA method. The results in [Fig. 5](#f5-etm-0-0-5345){ref-type="fig"} shows that the activity of TSC1 protein in healthy population (8.95±2.41 U/ml) was significantly lower than that in patients with epilepsy (29.27±4.06 U/ml), the difference was statistically significant (P\<0.05). This suggested that mutations of TSC1 in patients with epilepsy can lead to elevated TSC1 enzyme activity.

### SWISS-MODEL homology modeling analysis

In this study, we found that TSC1 activity in patients with epilepsy was significantly higher than that in healthy people. The three-dimensional structure of TSC1 protein was predicted by SWISS-MODEL software (Swiss Institute of Bioinformatics, Basel, Switzerland), the results are shown in [Fig. 6](#f6-etm-0-0-5345){ref-type="fig"}. It was found that locus 142 was located at the TSC1 protein active center, which revealed the reason of increased activity of TSC1 after locus 142 mutation in epilepsy patients.

Discussion
==========

Clinical data show that ([@b13-etm-0-0-5345]), the sensitivity of epilepsy drugs against epilepsy is gradually reducing. With the deepening of epilepsy research in recent years, it was found that the main cause of antiepileptic symptoms was the mutation of antiepileptic drug target site in the human body or the change of the three-dimensional structure of the protein, making the original antiepileptic drug identification site wrapped within the three-dimensional structure of the protein ([@b14-etm-0-0-5345]--[@b16-etm-0-0-5345]), so that the antiepileptic drug cannot bind with the target site and eventually lost effect. For example, the study found that ([@b17-etm-0-0-5345]), GABAAR, as the current recognized antiepileptic drug recognition site, the main structure is ion channel composed of five subunits (including α1-6, β1-4 and λ1-3), studies found that in patients with epilepsy disease, the expression of β1-4 protein decreased, and with the duration of disease gradually extending, the protein expression showed a gradual decreasing trend ([@b18-etm-0-0-5345],[@b19-etm-0-0-5345]). This suggests that changes in antiepileptic drug interaction target site and mutations can both lead to occurrence and progression of epilepsy in patients ([@b20-etm-0-0-5345]). In this study, we found that TSC1 gene in the epileptic patients and healthy human showed a certain polymorphism, that is, there were significant differences in the base at locus 142, locus 142 in healthy population was mainly CC (79.3%), while in the epilepsy patients was predominantly CA (26.4%) and AA (52.3%), there was significant difference between the two groups (P\<0.05). However, there was no significant difference between the two groups in terms of the TSC1 gene mRNA and protein expression between the healthy population and epilepsy patients (P\>0.05). The ELISA results showed that the activity of TSC1 protein in patients with epilepsy (29.27±4.06 U/ml) was significantly higher than that in healthy population (8.95±2.41 U/ml), which indicated that locus 142 polymorphisms could promote the occurrence of epilepsy, that is, the increased CC content was more likely to cause epilepsy. By SWISS-MODEL, it was found that the locus 142 was mainly located in the TSC1 protein activity center, and the change of the base in the locus could significantly affect the protein activity.

![Results of tuberous sclerosis complex 1 (TSC1) gene amplification in healthy people and epilepsy patients. M, DL10,000; S1-S4, TSC1 gene amplification results in epilepsy patients; S5-S8, amplification of TSC1 gene in healthy population.](etm-14-06-6238-g00){#f1-etm-0-0-5345}

![Tuberous sclerosis complex 1 (TSC1) polymorphism in epilepsy patients and healthy people. There were 2 bands in epilepsy patients (S1-S2) TSC1 after digested by EcoR72I; there were 3 bands in healthy population (S3-S4) TSC1 gene after digested by EcoR72I.](etm-14-06-6238-g01){#f2-etm-0-0-5345}

![Tuberous sclerosis complex 1 (TSC1) gene mRNA expression differences in epilepsy and healthy people. As can be seen from the figure, the relative expression level of TSC1 in patients with epilepsy was 1.2 times of its mRNA expression in healthy population.](etm-14-06-6238-g02){#f3-etm-0-0-5345}

![Western blot method to determine expression differences of tuberous sclerosis complex 1 (TSC1) protein in patients with epilepsy and healthy people. S1-S2, expression of TSC1 protein in patients with epilepsy; S3-4, expression of TSC1 protein in healthy population. It can be seen from the figure, there was no significant difference in terms of TSC1 expression in patients with epilepsy and healthy population.](etm-14-06-6238-g03){#f4-etm-0-0-5345}

![Detection of tuberous sclerosis complex 1 (TSC1) protein activity in the control and observation groups by enzyme-linked immunosorbent assay (ELISA). It can be seen from the figure, there was a significant difference in TSC1 enzyme activity between epilepsy patients and healthy people.](etm-14-06-6238-g04){#f5-etm-0-0-5345}

![Analysis of tuberous sclerosis complex 1 (TSC1) protein homology modeling. The SWISS-MODEL homology modeling revealed that the locus 142 (the rod-like structure indicated by the arrow) was the active center of TSC1 protein.](etm-14-06-6238-g05){#f6-etm-0-0-5345}

###### 

TSC1 primer sequence.

  Name of primer   Length   Sequence
  ---------------- -------- --------------------------
  TSC1-F           21 bp    ATGAGTCGTAGCTAGTCGAAG
  TSC1-R           24 bp    TACGTCGGAGCTGATCGATGCTAC

TSC1, tuberous sclerosis complex 1.

###### 

Fluorescence PCR primers.

  Name of primer   Sequence
  ---------------- ------------------------
  qTSC1-F          TGCTAGCTGAGTCGATCGTACG
  qTSC1-R          CGTAGCTGATGCTAGTCGAC
  GAPDH-F          CGTAGGGATCGTAGCTAGC
  GAPDH-R          CGTAGTCGATGCTAGCTGCG

PCR, polymerase chain reaction; TSC1, tuberous sclerosis complex 1; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

###### 

Results of TSC1 gene sequencing in epilepsy patients and healthy population.

                Genotype            
  ------------- ---------- -------- --------
  Control       79.3%      13.9%    6.8%
  Observation   21.3%      26.4%    52.3%
  t-value       4.31       2.14     4.86
  P-value       \<0.05     \>0.05   \<0.05

TSC1, tuberous sclerosis complex 1.
